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Abstract
In view of the recent measurement of the FD
∗
L magnitude in the B¯ → D∗ν¯ττ reaction we evaluate
this magnitude within the standard model and for a family of models with the γµ−αγµγ5 current
structure for the quarks for different values of α. At the same time we evaluate also the transverse
contributions, M = −1, M = +1, and find that the difference between the M = −1 and M = +1
contributions is far more sensitive to changes in α than the longitudinal component.
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I. INTRODUCTION
The measurement of vector polarization in B decays with vectors in the decay products
has captured the attention of the physics community as promising tools of information on
possible physics beyond the standard model (BSM) [1–20]. In particular the information on
the helicity amplitudes in the B → D∗ν¯l and B¯ → D∗ν¯ττ has been advocated in [21, 22] as
useful tools to explore physics BSM.
In a recent paper [23] the Belle Collaboration has reported the first measurement of the
D∗ polarization in the B¯ → D∗ν¯ττ decay, providing a value for FD∗L , the fraction of the
longitudinal polarization contribution to the total, of
FD
∗
L = 0.60± 0.08± 0.04 . (1)
In the standard model (SM), FD
∗
L is about 0.45 [24–28], with the most recent predictions
giving 0.441±0.006 [27] and 0.457±0.010 [28] and 0.476+0.015−0.014 [35]. Models BSM with scalar
and tensor contributions can produce sizeable changes in FD
∗
L , as shown in [24, 26–29].
In the present work we want to show that for some family of models BSM the fraction
FD
∗
L is rather insensitive to changes from the SM, while the transverse polarizations are more
sensitive and in particular the difference between the M ′ = −1 and M ′ = +1 components
is very sensitive to these changes.
In a former paper [30] we studied the helicity amplitudes of the B → D∗ν¯l transition for
a model in which the quark current is given by
Qµ = 〈u¯c|γµ(1− αγ5)|ub〉 , (2)
where α = 1 for the SM. The calculations are done using a quark model for the operators
[31], with a mapping of the quark momenta to those of the mesons consistent with heavy
quark symmetry [32–34]. The longitudinal, M ′ = 0, and two transverse M ′ = −1, M ′ = +1
polarization contributions, taking the z axis along the D∗ direction in the ν¯l rest frame,
were evaluated. It was found that for different values of α the magnitude most sensitive to
the change was the difference between the M ′ = −1 and M ′ = +1 contributions.
The model of [30] neglects the contribution of intrinsic quark form factors, which are
claimed to approximately cancel in the ratios evaluated there.
In view of the measurement of [23], we find most opportune to test this model with this
measurement, extending our model of the B → D∗ν¯l reaction to the B¯ → D∗ν¯ττ one.
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II. FORMALISM
In the present work we will study the B → D∗ν¯l decay, which is depicted in Fig. 1 for
B− → D∗0ν¯ll−.
u¯ u¯(s′)
b (s) (s′′) c
W−
ν¯l l−
(JM) B− D∗0 (J ′M ′)
FIG. 1. Diagram of B− → D∗0ν¯ll− at the quark level.
We use the same nomenclature as in [30] where a study of the meson decays JM →
ν¯llJ
′M ′ was done, where JM(J ′M ′) are the modulus and third component of the initial
(final) meson spin, and the rates for the different third components in the J = 0, J ′ = 1 case
were evaluated.
The differential width for B → D∗ν¯l is given by
dΓ
dM
(νl)
inv
=
2mν2ml
(2pi)3
1
4M2B
p′D∗ p˜ν
∑
|t|2 , (3)
where p′D∗ is the D
∗ momentum in the B rest frame and p˜ν the ν¯ momentum in the νl rest
frame,
p′D∗ =
λ1/2(m2B,M
2(νl)
inv ,m
2
D∗)
2mB
, p˜ν =
λ1/2(M
2(νl)
inv ,m
2
ν ,m
2
l )
2M
(νl)
inv
. (4)
After considering right-handed quark currents in terms of α, we find for the different
helicity contributions (M ′ = 0,±1)
1) M ′ = 0
∑
|t|2 = m
2
l
mνml
M
2(νl)
inv −m2l
M
2(νl)
inv
{
AA′(B +B′)p
}2
α2 (5-a)
+
2
mνml
(
E˜νE˜l +
1
3
p˜2ν
){
AA′(1 +BB′p2)
}2
α2 .
3
2) M ′ = 1
∑
|t|2 = 2
mνml
(
E˜νE˜l +
1
3
p˜2ν
){
AA′[(1−BB′p2)α + (Bp−B′p)]}2 . (5-b)
3) M ′ = −1
∑
|t|2 = 2
mνml
(
E˜νE˜l +
1
3
p˜2ν
){
AA′[(1−BB′p2)α− (Bp−B′p)]}2 . (5-c)
Following the approach of [30], the above the matrix elements are evaluated in the frame
where the ν¯l system is at rest, where pB = pD∗ = p, with p given by
p =
λ1/2(m2B,M
2(νl)
inv ,m
2
D∗)
2M
(νl)
inv
, (6)
where M
(νl)
inv is the invariant mass of the νl pair. For B and D
∗ mesons we have
A =
√
EB +mB
2mB
, B =
1
mB + EB
; A′ =
√
ED∗ +mD∗
2mD∗
, B′ =
1
mD∗ + ED∗
; (7)
and E˜ν , E˜l are the energies of ν¯ and lepton, respectively,
E˜ν =
M
2(νl)
inv +m
2
ν −m2l
2M
(νl)
inv
, E˜l =
M
2(νl)
inv +m
2
l −m2ν
2M
(νl)
inv
. (8)
III. RESULTS
We present results of dΓ/dM
(νl)
inv (νl ≡ ν¯ττ) for different M ′ = ±1, 0 and the sum
R =
dΓ
dM
(νl)
inv
|M ′=0 + dΓ
dM
(νl)
inv
|M ′=−1 + dΓ
dM
(νl)
inv
|M ′=+1 . (9)
In Fig. 2 we show the results for the different contributions of α = 1 (SM) and in Fig. 3
we show the same results but normalized to the total.
In Fig. 4 we show the results of Fig. 3 for different values of α. We can see that all
magnitudes change with α, but the most spectacular is the difference between the M ′ = −1
and M ′ = +1 contributions, which change sign when α changes sign.
The magnitude FD
∗
L is obtained integrating dΓ/dM
(νl)
inv over theM
(νl)
inv variable and dividing
by the total Γ. We show the results for FD
∗
L in Table I for different values of α. We can see
that for α = 1 (SM) we obtain
FD
∗
L = 0.456 , (9)
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FIG. 2. Total differential width and individual contributions for different M ′ = ±1, 0 components.
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FIG. 3. The same as Fig. 2 but normalized to the total.
TABLE I. The fraction of D∗ longitudinal polarization fD∗L with different values of α
α 0.5 0.8 1.0 1.2 1.5 −0.5
fD
∗
L 0.415 0.448 0.456 0.461 0.465 0.415
which is in remarkable agreement with the result of [28]. We should note that in [30] no
free parameters nor fit to data are used, but ratios are expected to be relatively accurate.
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FIG. 4. The same as Fig. 3 but for different α.
The results in Table I are interesting because we observe that FD
∗
L is very insensitive to the
value of α. We can claim that for this family of models, FD
∗
L is not a good magnitude to
test contributions beyond SM.
On the other hand we see that the measurement of the two transverse components carries
more information and we provide this information in Fig. 5, in which we show the results
6
obtained for the different ratios, and the difference of M ′ = −1 and M ′ = +1 for different
values of α. One can see that the longitudinal component M ′ = 0 is less sensitive than
any of the other two, and in particular the difference between the M ′ = −1 and M ′ = +1
components is the most sensitive magnitude. If we take the range of value α ∈ [0.8−1.2] the
band of values for the M ′ = 0 contribution is quite narrow, while the band for the difference
between the M ′ = −1 and M ′ = +1 components is considerably larger.
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FIG. 5. The longitudinal M ′ = 0, two transverse M ′ = ±1 components and the difference for the
range of α ∈ [0.8− 1.2].
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IV. SUMMARY
As a summary, we have shown that the model used, which evaluates explicitly the oper-
ators and contains no free parameters, is in remarkable agreement for the value of FD
∗
L with
the most sophisticated evaluations of the SM. In view of this, we extended the model to
calculate the contributions of the longitudinal and transverse helicities of the B¯ → D∗ν¯ττ
reaction for a family of models BSM with right handed quark currents. We concluded that
the measurement of the transverse helicity components in the B¯ → D∗ν¯ττ reaction is a more
promising tool than the longitudinal helicity in the search for potential extrapolations of the
SM and strongly suggest to study these components experimentally.
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